Mixing chromatographic fractions containing simian virus 40 (SV40) T In this report, we will describe a method for identifying a DNA binding activity in T-antigen-containing fractions which depends upon an interaction of this protein(s) with radioactive DNA. The assay depends upon the observation that unliganded, double-stranded DNA will not be efficiently trapped by a nitrocellulose filter except when bound to a protein that, itself, has affinity for the filter. This method was first employed in the assay of certain bacterial DNA binding proteins such as DNA-dependent RNA polymerase and the lac and X repressors (9-11).
The simian virus 40 (SV40) T antigen was first detected by immunologic means in the nuclei of cells infected with this virus (1, 2) . In infected, permissive cells, as determined by complement fixation analysis or immunofluorescence, it appears prior to the onset of viral DNA synthesis and then gradually disappears, while in virus-transformed cells it is continuously present (1) (2) (3) . Although its function in the cell and its possible mode of action in relation to viral replication, viral gene expression, and/or transformation are yet unclear, some progress has been made in the chemical characterization of this molecule (4) (5) (6) (7) (8) .
Recently, Carroll (5) and his colleagues have demonstrated that T antigen binds to columns of calf thymus DNAcellulose at pH 6.2 (5) . We have shown that T will bind to phosphocellulose and DEAE-cellulose but not to carboxymethylcellulose (6, 8) . This differential chromatographic behavior on ionic absorbents suggested that T may have a relatively specific affinity for phosphate ligands and is not a basic protein. Both sets of results are compatible with the hypothesis that T may function, at least in part, by interacting with one or more species of nucleic acid.
In this report, we will describe a method for identifying a DNA binding activity in T-antigen-containing fractions which depends upon an interaction of this protein(s) with radioactive DNA. The assay depends upon the observation that unliganded, double-stranded DNA will not be efficiently trapped by a nitrocellulose filter except when bound to a protein that, itself, has affinity for the filter. This method was first employed in the assay of certain bacterial DNA binding proteins such as DNA-dependent RNA polymerase and the lac and X repressors (9) (10) (11) .
The present DNA binding assay has the advantage of being more rapid than the standard complement fixation test. Moreover, with the appropriate application, it may help shed some light on the biological function of T in vivo.
MATERIALS AND METHODS
Cells. T antigen is routinely extracted and purified from SV80, a continuous line of SV40-transformed human cells (12) . Most recently, these cells were kindly and generously grown for us by the cell production facility of the Massachusetts Institute of Technology. They were grown in Dulbecco's modification of Eagle's minimal essential medium (DME) containing 10% fetal calf serum (Grand Island Biologicals, Grand Island, N.Y.) in glass, modular production roller bottles.
Virus. The small-plaque strain of SV40 (SVS) was employed throughout. Virus was propagated in primary African green monkey kidney cells. To prepare stocks, infection was performed at a multiplicity of 0.005-0.01 in DME containing 10% calf serum, gamma-globulin-free, (Gibco).
Preparation of Radioactive SV40 DNA. Double-stranded, covalently closed circular, supercoiled SV40 DNA I was isolated and purified from infected Vero cells 60 hr after infection with SVS (multiplicity of infection = 10) by the method of Hirt (13), followed by isopycnic sedimentation in CsCl/ethidium bromide gradients (14) . SV40 The assay was carried out as described in Materials and Methods. Incubation was for 10 min at room temperature. The antigen fraction employed had been purified through the DEAEcellulose and agarose A-1.5m steps (see Materials and Methods), and its protein concentration was 0.03 mg/ml. This was the most highly purified preparation of T antigen available to us at this time. Where indicated, antigen boiled at 1000 for 10 min and then chilled on ice was employed. The specific activity of the SV40
[3H] DNA I used was 5 X 103 cpm/pg, and 500 cpm were added per reaction mixture. The background was 45 cpm.
action mixture was then filtered through a nitrocellulose disc (Fig. 1 ). Under these conditions, increasing amounts of radioactivity are trapped by the filter. A saturation value of 100% of the input counts occurs at > 15 pl (>0.45 ug) of the T protein fraction. Importantly, I1'-labeled agarose-purified antigen binds to the filter under identical conditions. In fact, the standard binding conditions were determined using maximal ln5I-labeled T filter binding (65%) as the endpoint. Previously boiled, nonradioactive antigen was substituted for untreated material, and, under these conditions, a 95% reduction in DNA binding activity was noted (Fig. 1 ). Native and boiled '25I-labeled material bind to an equivalent degree (65%) to nitrocellulose filters under conditions identical to those used in the assay of DNA binding activity. Thus, the reduction in DNA trapping by the filter after antigen boiling is not due to a reduction in the absorption of the DNA binding protein to the filter. Unlabeled SV40 DNA I competes effectively with radioactive SV40 DNA I in the binding assay (Fig. 2) . Importantly, when the input molar ratio of unlabeled to tritiated DNA is 1 (0.15 pg of unlabeled SV40 DNA I), binding of the latter is reduced by 50%. In contrast, adding a large excess of unlabeled DNA to the reaction mixture after completion of the The relative ability of agarose-purified T antigen to bind SV40 DNA and each of three other circular, viral DNA species was tested (Fig. 3) . In each experiment, the concentrations of the two DNA species being evaluated were identical, and the T antigen input was varied. Polyoma DNA I, in 120 ml of buffer and the nuclei isolated and further extracted up to the (NH4)2SO4 step as described previously (4) . At that point, the clarified nuclear sonicate was brought to 60% saturation with solid (NH4)2SO4 at 0°. When maximal precipitation had occurred (20 min after completion of salt addition), the precipitate was pelleted and the supernatant discarded. The former was then dissolved in 20 4A ) were pooled; total volume = 44 ml; and solid (NH4)2SO4 was added over a 10-min period to a final saturation of 60% at 00. After an additional 10 min, the resulting precipitate was pelleted by centrifugation, and the supernatant was discarded. The former was dissolved in 5.5 ml of Buffer A and then dialyzed against 100 volumes of this buffer for 3 hr with one change at 90 min (Fraction I). This material (2.0 ml; 2 mg of protein) was applied to a 1.2 X 35 cm column of agarose A-1.5m equilibrated in Buffer G. Fractions (0.78-0.80 ml) were collected, and 1.5 MAl were tested in the complement fixation assay and 1.0 Ml in the binding assay. SV40 [3H]DNA (600 cpm; 0.12 Mug) was added to each reaction mixture. The background was 42 cpm. these conditions. Moreover, agarose-purified antigen binds SV40 DNA I and full length linear molecules generated by cleavage with either EcoRI (19) Fig. 4 are the results of T protein chromatography on DEAE-cellulose (Fig. 4A) . Following elution with a linear salt gradient, a major species of immunoreactive material appeared at approximately 0.20 MI NaCl. When the column fractions were simultaneously tested for their ability to bind SV40 [3H]DNA I, two major peaks of binding activity appeared, the second coinciding with the major immunoreactive species.
The major DEAE-cellulose-purified immunoreactive species was pooled, concentrated, dialyzed, and applied to an agarose A-1.5m column. A single, immunoreactive species appeared in the void volume (Fig. 4B) . Similarly, a single major species of DNA binding activity also appeared in the void volume, while some DNA binding activity was also noted in the included volume of the column. Radioiodination of the DEAEcellulose and agarose-purified material has been achieved by the lactoperoxidase method (21) . The labeled product has been chromatographed on Sephadex G-150 and agarose A-1.5m, and a single radioactive species is detected in the void volume of the column. In addition, analytical gel electrophoresis experiments performed in urea (on protein heated at 650 for 15 min but not boiled) reveal the presence of one major protein species.
As a test of the association of T immunoreactivity and DNA binding activity the material pooled from the DEAE-cellulose column was applied to a phosphocellulose (P-11) column equilibrated in Mes buffer, pH 6.2. Under these conditions, little or no immunoreactive material washed through the column. Application of a linear gradient from 0.1 to 0.9 M NaCl at pH 7.8 led to elution of two immunoreactive species, one at 0.40 M NaCl and a second at 0.60 AI NaCl (Fig. 5) .
We have reported such a phenomenon previously (5, 7).
Two peaks of DNA binding activity also appeared, and each cotracked with a peak of T antigen immunoreactivity. Quantitative heat inactivation studies were performed with the DEAE-cellulose-and agarose-purified material. As shown in Fig. 6 , heating this fraction at 370 for up to 4 hr led to a simultaneous and parallel reduction in T immunoreactivity and DNA binding activity, each measured under limiting conditions.
DISCUSSION
T antigen cotracks with a DNA binding activity on three types of columns: DEAE-cellulose, agarose A-1.5m, and phosphocellulose. These results suggest that the T antigen itself may be the DNA binding protein being detected. In further support of such a suggestion is the observation (Fig. 6 ) that the heat inactivation kinetics of the DNA binding activity and T antigen immunoreactivity parallel each other. However, we wish to indicate the possibility that the DNA binding protein present in these fractions might be a non-T protein which happens to cochromatograph with it and has identical heat lability.
The data represented in Fig. 3 established the correct conditions for demonstrating the specific effect. In this instance, the presently observed binding activity of the antigen would, at least superficially, resemble the non-operator DNA binding demonstrated by the lac repressor (24 
